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Introduction
Doppler echocardiography-derived coronary flow velocity reserve (CFR) assessment on the left anterior descending coronary artery (LAD) is an excellent option for evaluating coronary microcirculation conditions in the absence significant LAD stenosis [1] . Recently, diabetes mellitus (DM) and CFR have been found to have a complementary prognostic role for the prediction of cardiovascular events in patients with and without coronary artery disease (CAD) [2] . Moreover, CFR provides independent prognostic information in diabetic and nondiabetic patients with known or suspected CAD and negative dipyridamole stress echocardiography [3] . The prognostic impact of CFR on survival was found even in a general population with normal or near-tonormal coronary arteries [4] . The present study was designed to examine whether event-free survival can be predicted by Doppler echocardiography-derived CFR even in non-diabetic patients with chest pain and negative coronary angiograms.
Methods

Study population
The present work is a part of SZEGED Study (Summari-Zation of long-tErm prognostic siGnificance of coronary flow rEserve in special Disorders), in which the prognostic impact of echocardiography-derived CFR is analysed during a 10-year follow-up. From 1997, 540 consecutive patients with suspected CAD, valvular heart disease or cardiomyopathies had undergone CFR measurement to examine its clinical usefulness at the Cardiology Center of University of Szeged. From the SZEGED Study, the independent prognostic value of CFR has been recently demonstrated in hypertrophic cardiomyopathy (HCM) [5] , in aortic valve stenosis (AS) [6] , in CAD not involving the LAD [7] , in female patients with chest pain and negative coronary angiograms [8] , and in patients without LAD stenosis [9] .
A total of 91 non-diabetic patients with chest pain and normal epicardial coronary arteries were enrolled in this prospective follow-up study. All patients had under-gone standard transthoracic Doppler echocardiographic examination, coronary angiography and dipyridamole stress transesophageal echocardiography (TEE) as a CFR measurement. Chest pain was the indication for coronary angiography in all patients. Patients with unstable angina, acute myocardial infarction, significant valvular disease or HCM were excluded from the present study. DM was defined in accordance with the American Diabetes Association [10] and World Health Organization criteria [11] . Hypertension was defined as either a systolic or a diastolic elevation of the blood pressure (>140/90 mmHg) or ongoing antihypertensive therapy. Hypercholesterolaemia was defined as a total cholesterol level >5.0 mmol/L or current treatment with lipid-lowering medications. Informed consent was obtained from each patient and the study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki.
Follow-up data
During the follow-up, all patients were controlled by phone, mail or other available way. The primary outcome of the study was cardiovascular morbidity and mortality due to heart failure or cerebro-and cardiovascular thrombosis, and hospitalization due to cardiovascular reasons. Data on primary outcome were confirmed from hospital recordings or autopsy reports.
Transthoracic echocardiography
ATL Ultramark 9 HDI (ATL, Bothell, WA, USA) and Toshiba Powervision 8000 (Toshiba, Tokyo, Japan) echocardiography equipments were used for the completion of standard transthoracic echocardiographic examinations. Left ventricular (LV) internal dimensions were measured by 2-dimensionally directed M-mode echocardiography. The ejection fraction was calculated by using the method of Teichholz et al. [12] .
Coronary flow velocity reserve measurements
The same echocardiography equipments with biplane or multiplane transesophageal transducers were used during the dipyridamole stress TEE examinations. CFR measurements were carried out according to the standard protocol proposed by Iliceto et al. [1] . β-Blockers, nitrates, and calcium-antagonists were discontinued 2 days before the TEE examinations. The day before CFR measurements, the consumption of caffeine containing drinks was prohibited. First, color Doppler flow mapping was used to search for coronary blood flow in the LAD. The biphasic coronary blood flow waveform in the LAD was recorded by means of pulsed-wave Doppler. Signals in the LAD at rest were recorded first, then dipyridamole was administered by intravenous infusion (0.56 mg/kg) for 4 min. The posthyperemic peak coronary flow veloci-ties were measured at the sixth minute on average. Heart rate, systolic and diastolic blood pressures were recorded continuously. 12-lead electrocardiograms were monitored during the procedure and analyzed by a single observer blinded to the study phase. All measurements were recorded on super-VHS videotape. Parameters were calculated as averages of five consecutive cycles. CFR was calculated as the ratio of posthyperemic to basal peak diastolic coronary flow velocities. It was not aimed to evaluate wall motion abnormalities during the stress TEEs. At the end of measurement, for morphological evaluation of descending aortic atherosclerosis (AA), the following grading system was used: grade 0: no AA; grade 1: intimal thickening; grade 2: <5 mm plaque; grade 3: >5 mm plaque; grade 4: plaque with mobile parts [13] .
Coronary angiography
Coronary angiography was performed with the Seldinger technique. The stenosis was evaluated from multiplane projections and was defined as luminal diameter reduction of >50% on any view.
Statistical analysis
All values are expressed as means ± standard deviation (SD). MedCalc software (MedCalc, Mariakerke, Belgium) was used for statistical calculations. Group comparisons were made with the unpaired Student's t test. For the dichotomous variables, chi square analysis and Fisher's exact test were performed. To establish the predictive power of CFR, receiver operator curve (ROC) was constructed and the area under the curve was reported with sensitivity and specificity values. Kaplan-Meier life table estimates of survival were used to summarize the followup. Differences in survival rates between groups were tested by the long-rank test. Univariate analysis of factors [age, male gender, hypertension, hypercholesterolaemia, LV end-systolic diameter and volume, LV end-diastolic diameter and volume, LV ejection fraction, AA grade, CFR] was performed. Significant variables from univariable analysis (p <0.10) were integrated into multivariable analysis using Cox regression with a forward stepwise model for assessment of independent predictors of cardiovascular events. All tests were two-sided and a P value below 0.05 was considered statistically significant.
Results
No major complications occurred during vasodilator stress TEE imaging. The success rate of follow-up was 56 out of 91 (62%). Clinical and echocardiographic data of patients with and without events are presented in Table 1 .
Coronary flow velocity reserve
Patients with abnormal CFR had a higher rate of events, while patients with events had lower CFR (Table 1) . Using ROC analysis, CFR <2.2 had the highest accuracy in predicting cardiovascular survival (sensitivity 62%, specificity 73%, area under the curve 66%, p =0.024) ( Figure 1) . The Kaplan-Meier cumulative survival curve illustrating the predictive role of CFR is presented in Figure 2 .
Cardiovascular events
During the mean follow-up 90 ± 36 months (median value: 103 months), 4 patients suffered sudden cardiac death and another 3 patients died of a pulmonary tumor. During this follow-up period, 19 patients had been hospitalized due to cardiovascular reasons (6 recoronary angiography including one stent-implantation in LAD, 5 myocardial infarctions, 4 non-fatal strokes, 1 bypass operation, 1 cardioversion due to atrial fibrillation, 1 electrophysiologic ablation and 1 cerebral artery aneurysm operation).
Multivariable analysis
Multivariable regression analysis showed that only lower CFR (hazard ratio (HR) 2.22, 95% CI of HR: 1.15 to 4.16, p <0.05) was an independent predictor of cardiovascular outcome.
Discussion
The prognostic role of CFR in non-diabetic patients with normal epicardial coronary artery was confirmed in the present study. CFR was found to be an independent predictor of event-free survival in this patient subset. Doppler echocardiography-derived CFR is an important functional parameter used to examine microvascular alterations in the LAD circulation in the absence of LAD stenosis [4] . Patients with chest pain and normal coronary angiograms but restricted CFR have an early stage in the natural development of coronary sclerosis [14] . A number of abnormalities and disorders may be associated with reduced CFR in patients without macrovascular disease including DM. It is known that DM is associated with a marked increase in the risk of CAD. Diabetic patients with normal CFR had a prognosis comparable to non-diabetic patients with abnormal CFR, while diabetic patients with CAD and abnormal CFR had the highest mortality rates [2] . Moreover, diabetic patients without previous myocardial infarction have as high a risk of myocardial infarction as non-diabetic patients with previous myocardial infarction [15] . The most important message of the present paper is, that after exclusion of factors affecting CFR, such as DM, which is one of the most important causes of microvascular disease and significant macrovascular stenoses by coronary angiography, CFR still remains a strong predictor of future events. These results are in accordance with previous findings demonstrating its strong prognostic role in different disorders over CAD.
The prognostic role of echocardiography-derived CFR is widely examined in patients with suspected or known CAD [2] [3] [4] [7] [8] [9] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . CFR has a prognostic significance on cardiovascular outcome not only in patients with significant CAD [16] , but also in subjects with intermediate (50 to 75%) LAD stenosis [17, 18] or angiographically normal or near-normal coronary arteries [4, 8, 19] . Sicari et al. found that ongoing antiischemic therapy at the time of testing does not modulate the prognostic value of CFR [20] . In a recent study, DM and CFR were independently predictive of cardiovascular survival in patients with known or suspected CAD [2] . The additive prognostic value of simultaneously evaluated CFR and wall motion abnormalities [3, [21] [22] [23] [24] , aortic distensibility indices [25] , or grade of AA [26] was also demonstrated. Moreover, CFR was found to be predictive for future events in hypertensives [27] , AS [6] , dilated [28] [29] [30] and hypertrophic cardiomyopathies [5, 31] , in renal transplant recipients [32] and after heart transplantation [33] , as well. Gender differences [24] , and the prognostic value of CFR assessments on both left and right coronary arteries has also been examined [23, 30] .
In the present study, 61% of patients had hypertension including ones with stroke or cerebral artery aneurysm operation. It is known that CFR is diminished in hypertension and the degree of CFR reduction is related to the extent of LV hypertrophy [34] . Moreover, prognostic value of echocardiography-derived CFR has even been demonstrated in hypertension [26] . These facts could highlight our attention on hypertension and its diagnostic and prognostic significance on survival, but could be considered as the main limitation of the current study, as well. AUC: 66% p = 0.024 Sensitivity: 62% Specificity: 73% CFR = 2.2 
Study limitations
Only a limited number of non-diabetic patients were involved in the present study. 'Old fashioned' stress TEE was used for evaluation of CFR. The authors know that transthoracic Doppler echocardiography is a more suitable and patient-friendly technique for assessment of CFR, but recently only data with the transoesophageal method has 10-year follow-up. In the present study, it was not aimed to evaluate wall motion abnormalities during stress TEE. Blood flow velocities, but not blood flow itself, were measured by TEE. The measurement of coronary blood flow requires an evaluation of the luminal cross-sectional area. Further, there is an angle between the ultrasound beam and the vessel direction, as a result of which blood flow velocities measured by this approach can be lower than the real values. However, both the numerator and the denominator in the formula for the CFR are measured at the same angle, and the ratio is not appreciably influenced by the angle or the vessel direction. It should be noted that noncardiac mortality due to pulmonary tumor has even been involved in the statistical evaluations during the follow-up.
Conclusions
It could be concluded that CFR is an independent predictor of event-free survival in non-diabetic subjects with negative coronary angiograms. However, further investigations are warranted on prognostic significance of CFR in larger special patient populations.
